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Abstract 
The chemical degradation of the herbicide metsulfuron-methyl was investigated in aqueous solutions at different pH 
values and dissolved organic matter (DOM) addition. The results indicated that the photoreaction rate of metsulfuron-
methyl was conformed to first-order kinetics behavior in all case. Expose to the same light intensity, the 
photodegradation rate of metsulfuron-methyl was much faster in acidic than in neutral or basic conditions. The 
presence of DOM derived from rice straw (RS) and pig manure (PM) reduced degradation rates and had a quenching 
effect on the photodecomposition of metsulfuron-methyl, the quenching effect increases with increasing and RS and 
PM concentration in aqueous solutions. RS has a greater ability to quenching the photolysis compared to PM.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Metsulfuron-methyl (methyl-2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino] 
sulfonyl]benzoate), a sulfonylurea herbicide, the mode of action consists of inhibiting acetolactate 
synthase which is a key enzyme in the biosynthesis of branched amino-acids (valine, leucine and 
isoleucine) in the plant. Because of its low application rates, good crop selectivity and very low animal 
toxicity [1], metsulfuron-methyl has been widely used in agriculture but its fate in soil and water remain a 
major concern [2]. The persistence and degradation of metsulfuron-methyl have been among the research 
interests of environmental scientists [3-6]. In addition to pH and temperature dependent chemical 
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hydrolysis and microbial breakdown, photolysis of metsulfuron-methyl in water and adsorbed phase has 
been reported [7-10].  
Dissolved organic matter (DOM) consists of a heterogeneous mixture of organic compounds, which 
includes low molecular organic acids and macromolecule compositions [11]. It is increasingly recognized 
that DOM has a number of important ecological and geochemical functions including proton binding, 
binding of heavy metals and organic contaminants, adsorption at surfaces, aggregation and photochemical 
reactivity [12]. Being the primary light-absorbing species in aqueous solution, DOM can either enhance 
or inhibit the rate of photolysis [13, 14].  
There is relatively little information in the literature regarding the influence of pH and DOM on the 
photodegradation of metsulfuron-methyl. The objective of this study was to investigate the photochemical 
effects of pH and DOM on the degradation of metsulfuron-methyl. DOM belonging to different types 
were used in order to compare the effects on the photodegradation of metsulfuron-methyl. 
2. Materials and methods 
2.1. Chemicals 
Analytically certified standard of metsulfuron-methyl (99% purity) was purchased from Dr. 
Ehrenstorfer (Germany). All organic solvents and chemical reagents were chromatography grade, 
purchased from Merck (Darmstadt, Germany). Distilled water was purified by using a Millipore Mill Q-
Plus system (Millipore Corp., MA, USA). 
2.2. Phosphate buffers 
For photodegradation experiments, the herbicide was solubilised in phosphate buffers 0.2 mol/L. Exact 
buffer compositions were: KH2PO4 + H3PO4 for pH 2.0–3.0, KH2PO4 + NaOH for pH 5.0, K2HPO4 + 
KH2PO4 for pH 7.0 and K2HPO4 + H3PO4 + NaOH for pH 10.0. As the herbicide was not easy to 
solubilize in acidic medium, it has been introduced in a small quantity of acetonitrile before adding the 
phosphate buffer and this for all pH to ensure the same experimental conditions. In this way, the final 
solutions contained 30 % acetonitrile. 
2.3. DOM preparation 
Rice straw and pig manure were used for the kinetic experiments, being collected from the 
experimental field (Nanjing Institute of Environmental Science). PM were air-dried, passed through a 2-
mm sieve and then homogenized. RS were de-enzymed at 105ć for 20 min before drying 120 min at 
70ć, then homogenized. Dissolved organic matter extracts from the two substances were obtained by 
mixing 5 g PM or 2.5 g RS with 50 mL water, followed by 24 h shaking, centrifugation (15 min at the 
speed of 6500 r/min, with the Eppendorf 5804 centrifuge, made in Germany), and collection of the 
supernatant after filtered through 0.45μm Nylon membrane. All DOM extracts were used immediately 
after preparation or stored at 4ć with no chemical additives. The DOM was discarded if not used within 
48 h from the time of preparation [15]. Dissolved organic C was measured 1960 mg/L on RS DOM and 
3130 mg/L on PM DOM using a Multi N/C 3000 TOC (Jena , Germany). 
2.4. Instrumental equipment 
Absorption spectra were recorded on a HITACHI U-3310 UV-Vis spectrophotometer (Tokyo Japan). 
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The HPLC system consisted of an Alliance 2695 series instrument equipped with a diode-array detector 
(DAD, Waters 2998), a YMC Hydrosphere C18 analytical column (150×4.6 mm internal diameter, 5μm 
particle size) was used with an elution of 35% acetonitrile and 65% water (pH = 2). The temperature of 
the column compartment was 30ć, the flow rate was set at 1mL/min and the injection volume was 10μL. 
A wavelength of 224 nm was used for all measurements. The retention time for metsulfuron-methyl under 
these conditions was about 8.9 min. 
2.5. Photolysis experiments 
Photolysis of metsulfuron-methyl (2.0 mg/L) was carried out in aqueous solution at pH = 2.0, pH = 5.0, 
pH = 7.0, pH = 10.0, at various concentrations of RS and PM DOM, in a acetonitrile-water 30:70 (v/v) 
mixture. Irradiation of metsulfuron-methyl was performed with a MS-PRE Multi-Function Photoreactor  
(Nanjing Institute of Environmental Science), at ambient temperature (25ć± 2ć), equipped with a Xe 
lamp (1000 W) and special glass filters restricting the transmission of wavelength below 290 nm. The 
light source was on the top of the reactor and an average irradiation intensity of 25 μw/cm2 was 
maintained throughout the experiments measured by a radiometer. Dark control samples were analyzed to 
ensure a negligible effect of hydrolysis in the same conditions. 
3. Results and Discussion 
3.1. Effect of pH value 
The influence of the pH on the absorption and on the photolysis rate of metsulfuron-methyl has been 
evaluated under the conditions of irradiation in the Pyrex glass cell (10 mL volume). 
3.1.1. Influence of pH on absorption spectra 
We have considered metsulfuron-methyl UV absorptions as a function of the pH (Fig. 1). Metsulfuron-
methyl absorption spectra show two electronic bands: a medium intensity band around 230 nm (I) and a 
low intensity band centered on 280 nm (II). The band (II) is better defined in acidic than in neutral 
medium and a blue shift of the band (I) is observed when the pH decreases. We can argue from these 
spectroscopic features that, like chlorsulfuron, metsulfuron-methyl is a bichromophoric compound whose 
benzene and triazine chromophores are separated from the urea bridge [16]. The UV absorption spectra 
present two isobestic points reflecting the presence of two acid-base equilibrium. These isobestic points 
are located respectively at the wavelengths 229 and 267 nm for metsulfuron-methyl spectra. 
3.1.2. Influence of pH on photolysis rate 
The photodegradation rates of metsulfuron-methyl at different pH followed a first-order degradation 
curve 
Ct = C0e-kt                                                                                     (1) 
where Ct is the concentration of an insecticide at time t, C0 is the insecticide initial concentration and k is 
the rate constant. The half-life time (t=t1/2) corresponds to a period of time at which the pesticide 
concentration equals half of its initial concentration given by the equation 
                                                                 mt1/2 = ln2/k.                                                                          (2) 
The photodegradation constants (k) were calculated by subtracting the kinetic constants of the apparent 
degradation reactions and those of the degradation due to hydrolysis, volatilization and adsorption (blank 
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experiments). In this way the considered k constants and t1/2 refer to the real photochemical reaction 
excluding the contribution of other factors (Table 1). 
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Fig. 1. UV absorption spectra of metsulfuron-methyl as a function of pH. 
Table 1. Kinetic parameters of metsulfuron-methyl degradation at different pH under simulated solar irradiation. 
pH kphot×10-2 (h-1) t1/2 (h) R2 
2.0 1.068 0.65 0.986 
5.0 0.498 1.39 0.997 
7.0 0.438 1.58 0.978 
10.0 0.396 1.75 0.983 
Fig. 2 shows the degradation curves of the pesticide at different pH. Experiment was conduct in four 
buffers which pH value was 2.0, 5.0, 7.0 and 10.0 respectively and triazophos photodegradation rate 
decreasing with the raising of pH value. 
The disappearance of metsulfuron-methyl obeys an apparent first-order kinetics. Fig. 3 shows the 
variation of the rate constant k of metsulfuron-methyl as a function of pH. From this figure it appears that 
the photolysis rate constant is faster for the lowest pH when metsulfuron-methyl is in its neutral form. 
This result might be explained by a better wavelength match between the absorption and lamp emission 
spectra for the molecular form than for the anionic form. 
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Fig. 2. Photodegradation of metsulfuron-methyl at different pH.              Fig. 3. Variation of photolysis rate constant k  of 
metsulfuron-methyl vs pH.  
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3.2. Influence of DOM 
The kinetic rate constant was studied as a function of DOM concentration in aqueous solution in order 
to obtain a better understanding of the metsulfuron-methyl photodegradation mechanism. Experiments 
with the same initial concentration of metsulfuron-methyl at various concentrations of PM and RS 
substances were also conducted. In this case, first-order dissipation curves were produced, allowing for 
the calculation of the rate constants (Fig. 4). In all cases the presence of DOM slowed down the rate of 
photolysis (Table. 2). For example, experiments conducted at concentrations: 5, 20 and 60 mg/L of RS 
DOM produced rate constants of 0.306, 0.228 and 0.096, respectively (Table. 2). The same tendency was 
also observed in the case of PM DOM. The rate constants decreased as the concentration of PM DOM 
increased: 0.282, 0.156 and 0.054 at concentrations of 5, 20 and 60 mg/L, respectively (Table. 2). 
Metsulfuron-methyl absorbs some irradiation in the wavelength region emitted by the lamp source, and 
this wavelength range overlaps with the absorbance region of DOM (RS and PM), thus screening by 
DOM is significant (Fig. 5). This could be explained by competition of metsulfuron-methyl and DOM for 
the available photons [14, 17]. 
Table 2. Kinetic parameters of metsulfuron-methyl phoyodegradation at various concentrations of PM and RS DOM. 
DOM kphot (h-1) t1/2 (h) R2 
PM-5 mg/L 0.282 2.46 0.989 
PM-20 mg/L 0.156 4.44 0.986 
PM-60 mg/L 0.054 12.84 0.991 
RS-5 mg/L 0.306 2.27 0.994 
RS-20 mg/L 0.228 3.04 0.985 
RS-60 mg/L 0.096 7.22 0.996 
 
The results of this study suggest that DOM had a more important role in inhibiting the loss of the 
parent compound and this inhibition could be either the result of sorption of the contaminant, radical 
scavenging or light attenuation [18, 19]. 
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Fig. 4. Photodegradation of metsulfuron-methyl at various concentrations of PM and RS in aqueous solution. 
4. Conclusions 
In this work the photochemical behavior of metsulfuron-methyl under simulated solar irradiation was 
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investigated in different pH and DOM. The results clearly show that the photodegradation process is 
faster in acidic medium, because of a higher molar extinction coefficient, but is more efficient in alkaline 
solutions, when metsulfuron-methyl molecule is in its anionic form. On the other hand, DOM divided 
here into two fractions, namely rice straw and pig manure being isolated from the experimental field, 
slows down the rate of photolysis. The study appeared that the initial rate of metsulfuron-methyl 
disappearance decreased with increasing DOM concentration thus showing that the presence of DOM 
derived from rice straw (RS) and pig manure (PM) had a quenching effect on the photodecomposition of 
metsulfuron-methyl. 
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Fig. 5. UV spectra comparison of isolated PM and RS to metsulfuron-methyl in aqueous solution. 
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